Study of CO2 Corrosion Inhibitor Persistency Using a Developed Methodology and
Langmuir Isotherm Model in Continuous Treatment
Experimental Apparatus and Procedures

Introduction

B. Winters, Cleaning Pig Designs and Applications, NACE Central Area Conference, 2013.

5.

❖ Devise experimental systems and procedures to study persistency with regards to interruption in
continuous treatment.
❖ Develop understanding of mechanisms by performing parametric studies.
❖ Produce a model for prediction of corrosion inhibitor persistency using Langmuir isotherm model.

(1)

@ 𝑡 = 0, 𝜃 = 0

❖ Continuous dilution system
setup schematic
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kA: Adsorption constant (𝑴−𝟏. 𝒔−𝟏 )
kD: Desorption constant (𝒔−𝟏)
KAD: Equilibrium constant (𝑴−𝟏)
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Objectives

❖ Adsorption/desorption kinetics can be determined using Langmuir isotherm model:
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t: time (𝒔)
𝜃 : Surface coverage factor
Cinh: Inhibitor concentration (𝑴)

❖ Desorption behavior can be predicted by solving Equation (1)
with different initial condition @ 𝑡 = 0, 𝜃 = 1:
Partial dilution:
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❖ Partial dilution system
setup schematic

❖ There are two methods for applying corrosion inhibitors (CIs) to pipelines in upstream oil and gas systems
[1-4]:
1) Continuous injection
✓ Maintains constant concentration of inhibitor along the pipeline by continuous injection of inhibitor
✓ Most efficient when bulk liquid phase is in contact with pipe wall
2) Batch treatment
✓ Applied directly upon the pipe wall (usually between two pigs)
✓ Involves higher corrosion inhibitor concentration than for continuous treatment
✓ Requires periodic applications
❖ Challenges with CI injection treatment:
✓ Continuous treatment: There is a need to know CI persistency in case of interruption in inhibitor injection
to determine time window of safe operation
✓ Batch treatment: There is a need to know CI persistency to define batch treatment frequency
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➢ Constant Cinh (partial dilution):

Continuous dilution:

Sparge all cells with CO2
Complete pre-corrosion LPR measurements
Inject corrosion inhibitor, continue LPR measurements
After a stable inhibited corrosion rate obtained (stable
corrosion rate is when at least three subsequent corrosion
rate measurements had difference less than 10%), dilution
completed as a stepwise draining and addition of fresh
brine to keep the working electrode fully wetted while
decreasing the inhibitor concentration
Continue LPR measurements until a new stable corrosion
rate is obtained
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Fill the system and working glass-cell with working
solution.
Sparge all system with CO2
Complete pre-corrosion LPR measurements
Inject corrosion inhibitor, continue LPR measurements
After a stable inhibited corrosion rate obtained, dilution
is started by pumping fresh brine to the working glasscell and draining the inhibited solution at the same time
while keeping the liquid level constant.
Continue LPR measurements until a new stable
corrosion rate is obtained

Langmuir equation fitted to the experimental data for the surface coverage with different
initial inhibitor concentrations
(40°C, 0.97 bar pCO2, X65 RCE, 1000 rpm, BDA-C14 inhibitor)
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➢ Non-constant Cinh (continuous dilution):

❖ Predicted corrosion rate is related to the calculated 𝜃:
𝐶𝑅𝜃(𝑡) = 𝐶𝑅𝜃=0 − 𝜃 𝑡 × 𝐶𝑅𝜃=0 − 𝐶𝑅𝜃=1

*Numerical method is needed in this case
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𝑄 = Volumetric flowrate (𝑚3 /𝑠) , 𝑣= Solution volume (𝑚3 )

Persistency Results with Partial Dilution

Hypotheses

❖ Continuous dilution of the inhibited solution ensures minimum residuals of inhibitor molecules, which is
more representative of interruption in continuous treatment in the field.

Predicted corrosion rate after continuous dilution
(40°C, 0.97 bar pCO2, X65 RCE, 1000 rpm, BDA-C14 inhibitor)

❖ Temperature is the main parameter that speeds up inhibitor desorption.
❖ For the kinetics of the adsorption and desorption of the inhibitor on the metal surface, a Langmuir
isotherm model can be used in which there is a relation between surface coverage, adsorption and
desorption constants, and time.

Parameters

Description

Working electrode
Working solution
Sparge gas
Total pressure
Rotational speed
Temperature / °C
pH

API 5L X65
1 wt.% NaCl
CO2
1 bar
1000 rpm
30 - 40
4.0 ± 0.1

Corrosion inhibitor model
compound

Quaternary ammonium type C14 model
compound

Measurement methods

LPR, EIS

CI Contact time (time before
dilution)

Minimum time to reach a stable corrosion rate

Initial inhibitor
concentration

50 ppm BDA-C14

Pre-corrosion before CI
injection

10-20 minutes

Conclusions

Corrosion rate vs. time, 20 minutes pre-corrosion
(30°C, 0.97 bar pCO2, X65 RCE, 1000 rpm, BDA-C14 inhibitor)

Test Matrix

Predicted corrosion rate after partial dilution
(40°C, 0.97 bar pCO2, X65 RCE, 1000 rpm, BDA-C14 inhibitor)

Corrosion rate vs. time, 10 minutes pre-corrosion, one and four dilutions
(40°C, 0.97 bar pCO2, X65 RCE, 1000 rpm, BDA-C14 inhibitor)

Persistency Results with Continuous Dilution

❖ Results of persistency experiment at different temperatures showed that BDA-C14 desorption occurs more rapidly at higher
temperature.
❖ Continuous dilution method could ensure complete removal of the inhibitor molecules from the solution which is more
representative of the interruption condition in continuous inhibitor treatment in the field.
❖ Langmuir isotherm model could give good insights for the adsorption/desorption behavior which could be used to predict the
inhibitor persistency.
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Benzyldimethyltetradecylammonium (BDA-C14) molecular structure
Concentration measurements
Beer’s law was used to make a calibration curve from pre-mixed
known solutions containing BDA-C14 which would be later used to
measure BDA-C14 concentration from each experiment.
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